Samples were withdrawn every 24 hr. and the coproporphyrin content determined fluorometrically in slightly alkaline solution (Rimington, 1943b) after ether-extraction and removal into HCI. For the extraction, 10-20 g. yeast preparation were diluted to 200 ml. with water, and the suspension acidified with 10 ml. glacial acetic acid/100 ml., and shaken repeatedly with ether (5 times with 200 ml.) until no porphyrin fluorescence could be detected by U.V. light in the separated ether phase, after washing to remove interfering blue-fluorescent substances. A few ml. of ethanol were added after each shaking to break up the emulsion, and to facilitate removal of the pigment. The possible effects of breakdown of cytochrome c, catalase and peroxidase on the pigment yield were tested in turn, and are described separately.
Cytochrome c. Cytochrome c was prepared from ox-heart muscle (7 kg.) by the method of Keilin & Hartree (1937) as a concentrated aqueous solution, the purity of which was checked by determination of its iron content with oz'-dipyridyl, and porphyrin content photometrically, by the pyridine haemochromogen method.
Peroxidase. Peroxidase was prepared from horse radish (3 kg.) by the method of Keilin & Mann (1937) , but the enzyme was obtained only in small yield.
Catalase. Catalase was obtained from ox-liver (5 kg.) by the method of Sumner & Dounce (1937) by repeated precipitation with dioxan and (NH4)2S04. After final dialysis, the enzyme was precipitated with dioxan, filtered by suction, and dried in vacuo.
RESULTS
Cytochrome c The cytochrome c solution was added to the yeast preparation, with or without carbonate and glucose, at the beginning of the experiment, and the coproporphyrin formation followed (Table 1) . A second experiment was made with yeast cells previously ruptured by alternate freezing and thawing. Cytochrome c was determined in the mixtures by centrifuging the yeast and assaying ferrocytochrome c in the supernatant after treating the latter with 0-1 N-NaOH and Na2S204 (Table 2 ). It is (Kench & Wilkinson, 1945) , because the conditions of the experiments are quite different. Peroxida8e
The peroxidase preparation containing 30,ug. of combined protoporphyrin was assayed in an appropriately small yeast preparation. After 65 hr., no coproporphyrin could be detected in the peroxidase specimen; size of the samples precluded determination of enzyme activity (Table 3) . We are at a loss to account for the absence of coproporphyrin following peroxidase treatment, but the change may be brought about by toxic impurities contained in our preparation. that only occasionally is it possible to recover all the added pigment, not only during active fermentation, but equally so at the end of the observation period of 96 hr., when active fermentation had ceased. Neither haem nor haematin was formed as the res-llt of the addition of extra porphyrin, and the route by which the porphyrin was removed has not yet been determined.
It is 6vident, therefore, that coproporphyrin plays the part of an intermediate in metabolism, and its accumulation represents the net result of imbalance between the rates of its removal and formation. Of the amount of pigment formed, a high proportion can be rapidly metabolized even when the concentration is approaching the peak levels observed at 96 hr. and onwards.
In the light of lhese observations, it is necessary to study more closely the question of breakdown of cytochrome c and catalase. Measurements of catalase capability show that by decomposition Simi1arlt with cytochrome c, we cannot reconcile the rate of disappearance of the chromoprotein with the low yields of porphyrin, even allowing for lability of the latter, on the basia of simple fission of the protein and the prosthetic groups.
DISCUSSION
The results presented in the foregoing section show that both cytochrome c and catalase are unstable in the yeast preparations, but we were unable to detect augmentation of porphyrin production as a result of breakdown. Actually the reverse is true, an effect which calls for further investigation.
Coproporphyrin Consequently, we must assume that the reactions by which porphyrin is formed, to be subsequently metabolized, are now out of harmony, and if we may interpret our data in terms of the interesting experiments of Conway & Breen (1945) on ' ammonia' yeast, it would appear probable that the phenomenon is due to excessively rapid cell division.
Regarding the origin of the coproporphyrin, certain facts seem worthy of mention. The yeast preparations we have used resemble in composition those described by Neuberg & Ursum (1920) as leading to the Third Form of Fermentation, in which, by use of alkali oarbonates, borates, or triphosphates at a concentration of 0-1-0-2M, increased amounts of the by-products, acetaldehyde, acetic acid and glycerol were produced.
Under the most favourable conditions (with 4% (NH4)2CO3) as much as 41-3% of sugar was fermented in this way. We have tested other substances of this fixation group, e.g. BaCO3, MgO and CaCO3, but these were ineffective in porphyrin production as also was Na2SO3 in Neuberg's Second Form of Fermentation (Neuberg & Hirsch, 1919) . Other ammonium salts, viz. the chloride, sulphate and oxalate, appeared to be toxic, and we conclude that the primary effect of (NH4)2CO3 is to supply a ready source of nitr6gen for rapid proliferation of the yeast cells and that the pigment does not arise from by-products of fermentation. This is also supported by the occurrence of the highest recorded yield in wort, wherein by-products are necessarily reduced to a minimum.
Yeast preparations in an atmosphere of oxygen behaved little differently from controls in air, but in nitrogen the level of porphyrin was maintained after 312 hr. at a value twice that of oxygenated and control preparations. This suggests that the removal of porphyrin from the system is expedited by the presence of oxygen, suggesting that the accumulation of porphyrin may be partly associated with oxygen lack in the cells. Experiments are being continued on the pigment yield in relation to the rate of cell division.
SUMMARY
1. An account has been given of studies on the formation of coproporphyrin in yeast preparations.
2. Catalase and cytochrome c, chromoproteins each of which contains protoporphyrin as a constituent of its prosthetic group, are both disrupted in yeast, whether present intracellularly or added extracellularly.
3. No porphyrin could be detected as the result of breakdown of the chromoproteins.
4. Coproporphyrin itself is not a stable constituent of the system, and appears to be an intermediate of metabolism. It does not appear to be formed by interaction of abnormal by-products of fermentation, but may be associated with high rates of cellular division.
